Optoexcited micromechanical resonators have recently attracted a great deal of attention due to interesting behavior associated with the coupling of light with high frequency acoustic vibrational modes [1] [2] [3] [4] . Optical actuation affords numerous possibilities for active (excitationbased) coherent control of vibrational dynamics [5, 6] ; for example, timing of optical driving pulses [7] and tuning of optical field strength [1] have each been demonstrated as a means to selectively strengthen or suppress multiple resonances within a given acoustic spectrum. Passive techniques based on free-space optical cavities [8] or structure modification can likewise provide coherent control; for example, optical [9] and acoustic [10] distributed Bragg reflectors integrated within a resonator structure have each been shown to increase the amplitude of a transduced acoustic mode.
The absorption of a femtosecond optical pulse by a material typically results in impulsive strain that is broadband with a spectral width greater than 100 GHz [11] . In free-standing membrane structures recently considered for high-frequency (10+ GHz) acoustic resonator applications, this spectral width is large enough to simultaneously excite the membrane's resonant longitudinal acoustic modes up to the 15 th harmonic (285 GHz) [12, 13] .
Coherent control techniques to select a certain mode from a relatively broadband comb of excited cavity modes are relatively common in optics. In solid state lasers, optical etalons are used to achieve tunable single longitudinal mode output by suppressing modes that are adjacent to a selected wavelength [14, 15] . Here we propose and demonstrate an integrated acoustic etalon as a passive means for the selective strengthening or suppression of multiple resonances within an acoustic cavity.
We consider a supported rather than free-standing membrane resonator, the former being more practical in its ability to directly couple acoustic modes to external media. The acoustic dynamics of supported thin films under ultrafast laser excitation have been the subject of several recent studies [8, [16] [17] [18] [19] [20] . The absorption of laser pulses by a metal transducer in contact with a relatively hard material such as silicon or sapphire is known to lead to a train of acoustic echoes (rather than excited vibrational modes of the film) if the metal thickness is much larger than the optical penetration depth [8, 16] . If the transducer thickness is reduced to the order of the optical penetration depth, direct coupling of energy from the laser pulse to the first resonant vibrational mode of the transducer leads to strong excitation of this mode. Because of the small film thickness in this case, however, higher-order modes are typically above the spectral range of the transduced acoustic pulse and therefore either absent or only very weakly excited [17, 21, 22] .
As shown below, a compliant organic supporting film can allow multiple vibrational modes to be strongly optoexcited in a relatively thick metallic resonator, and furthermore can be employed as the acoustic equivalent of an optical etalon to control the resulting mode spectrum within the acoustic cavity. Similar to the optical analog, this mode control is accomplished by placing the etalon within the cavity and utilizing its Fabry-Perot transmission maxima (at which wavelengths the cavity field is concentrated within the etalon [15] ) or its reflection maxima (where the etalon acts as a resonant reflector [15] ) to retain or reject desired cavity modes. For the specific acoustic For small values of the CuPc thickness (d CuPc < 7 nm), the Al membrane is insufficiently decoupled from the Si substrate for resonant membrane modes to be excited, and the resulting time dynamics (Fig. 1 ) exhibit a series of echoes that grow in intensity as the CuPc thickness increases due to increasing acoustic impedance contrast. For CuPc thicknesses of 7 nm and greater, the excitation of resonant membrane modes is clearly visible; Fourier transforms reveal the simultaneous excitation of up to five resonant modes. This transition in acoustic dynamics from an echo regime to a resonant vibration regime is enabled by two effects. First, a greater CuPc thickness represents a larger effective acoustic impedance mismatch and hence increased acoustic confinement within the Al film. Second, the stiffnesses of soft organic thin films have been shown to scale inversely with the film thickness [25] [26] [27] .
Supported films, when acoustically decoupled from their surroundings, have quantized longitudinal acoustic modes at f n = nv/4d. Whether the resonator exhibits odd-order or evenorder modes is determined by the ratio of the acoustic impedances (Z f /Z s ) of the film and its supporting material [18, 28] : n is odd when Z f /Z s < 1 and even when Z f /Z s > 1.
The resonant frequencies of an Al/CuPc bilayer on a Si substrate obey the following equation [21] : 
where λ CuPc is the acoustic wavelength in CuPc. Because the etalons act as resonant reflectors for the fundamental modes of both Al films, the two resonators are both activated, with two peaks appearing in the spectrum that correspond to their resonances. The spectrum of a coupled oscillator system is controlled in this sample; while the measurement only probes the top resonator, the modes of both the top and bottom resonators are present. While a model significantly more sophisticated than Eq. 1 will be necessary to provide complete analysis of such dual-resonator samples, we believe it to be intuitive that mass loading by the relatively heavy second Al layer is the primary cause of the larger red shifts observed in Samples D and E relative to the natural (unloaded) Al film resonances.
In conclusion, we have shown how a compliant supporting layer can allow multiple harmonics to persist simultaneously in a supported membrane resonator, the dynamics of which differ fundamentally from the echo behavior typically observed when metal transducers are placed on noncompliant substrates [8, 16, 19] . Because the compliant layer forms part of the acoustic cavity, 
